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A B S T R A C T 
Cantonese tonal confusions of elderly people were investi-
gated among 52 subjects with age range 51 to 85• They were 
divided into six groups according to audiometric sensitivity 
(degree of hearing loss) and configuration of audiograms (flat 
and downward sloping). Data of tonal confusions by the subjects' 
better ears were obtained using three tasks: tone discrimination, 
Lexical Comprehension Test (So & Varley, 1991) and tone 
identification. The results revealed that both degree of hearing 
loss (up to moderate grade) and configuration of audiograms did 
not significantly affect task scores. In contrast, aging is a 
significant factor in the first two tasks. Analysis of error 
patterns revealed that people with high-frequency hearing loss 
did not have particular difficulty in tone perception, but still 
had more segmental errors than the flat loss. Tonal confusion 
errors are interpreted by acoustical properties of Cantonese 
tones. Clinical implications and the directions for further 
research are also discussed. 
1 
INTRODUCTION 
In both audiology and language therapy, the relationship 
between hearing loss and auditory comprehension is important for 
assessment and rehabilitation• 
Research in this area focuses on the measurement of human 
hearing in two dimensions: frequency and threshold. Researchers 
have investigated how the severity of hearing loss affects the 
speech perception and comprehension. Some authors claimed that 
there is a negative relationship between threshold elevation and 
speech understanding (Gandour et al., 1984; Gimsing, 1990; Humes 
& Christopherson, 1991) and some claimed that similar performance 
can be found if subjects are given the same level of audibility 
(Schum et al., 1991). Other researchers have sought to determine 
how the configuration of hearing loss, i.e. hearing loss at 
different frequencies, affect phoneme recognition. It is well-
documented that speech perception in non-tonal language is 
largely related to configuration of audiogram (Bilger & Wang, 
1976, Wang et al., 1978; van Rooij & Plomp, 1989; Walden, 1984). 
Since most assessment materials in audiology and language 
therapy are derived from non-tonal languages, tone has been 
ignored. As a result, how hearing loss affects lexical 
comprehension in a tonal language is not well-studied. In Hong 
Kong, where Cantonese is the native language of most people, 
investigation of lexical comprehension should include tone as one 
of the features. 
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A. Cantonese Tones 
Tone is defined as pitch variations that affects the 
meaning of a word (Ladefoged, 1982). Most Cantonese morphemes are 
monosyllables with one affiliated lexical tone. In this study, 
the six Cantonese lexical tones identified by Fok (1974) are used 
for reference. 
Tone 1: high falling or high level 
"lg " /jij/ meaning "doctor" 
Tone 2: high rising 
" ^ " /ji2/ meaning "chair" 
Tone 3: mid level 
%%J%* " /JI3/ meaning "spaghetti" 
Tone 4: low falling or low level 
" & " / J V meaning "child" 
Tone 5: low rising 
"J|~" /ji5/ meaning "ear" 
Tone 6: low level 
11
 Jl." /Ji6/ meaning "two" 
Figure 1 shows the fundamental frequency tracing of the six 
contrastive tones. 
9# /J'V 
0.5O 0.7S 
Relative time, t 
FIGURE 1. Tracing of fundamental frequency of the six Cantonese 
tones (Kei et al., 1992) 
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B. Tonal Confusions and Hearing-Impaired Population 
In a study of tonal confusions in Thai, Gandour et al. 
(1984) conducted an experiment on subjects with the same 
audiometric configuration (flat sensorineural losses) but with 
different severity. The results indicated that tonal confusion 
patterns of subjects with normal hearing, mild and moderate 
hearing loss differed only in number but not type. In contrast, 
the severe hearing loss group differed from the normal group both 
in the number and the types of confusions. Therefore, the 
researchers claimed that hearing sensitivity may affect the tonal 
comprehension. Can the same argument be said of in Cantonese? 
There are very few studies on the relationship between 
hearing loss and perception of Cantonese tones. The effect of 
hearing loss on Cantonese tonal perception is not well studied 
and the pattern of lexical comprehension errors in a tonal 
language is still unknown. 
Brant & Fozard's longitudinal study of 813 adult males 
(1990) confirmed findings from previous cross-sectional studies 
that the elderly people exhibit greater hearing loss at the 
higher frequencies, which is considered to be a main type of 
hearing disorder due to aging effect (presbycusis). Therefore, 
the investigation of tonal perception of people with high-
frequency loss has much rehabilitation value. In addition, more 
information on psychoacoustic studies of lexical tones can be 
obtained by studying how the hearing sensitivity of different 
frequencies affect tonal perception. 
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Changes of pitch (i.e. tones) and prosody of speech 
concentrate on the lower bands of frequency range (Clezy, 
personal communication 1991). Lexical tone is a matter of 
difference in fundamental frequency (Fok, 1974; Ching, 1984; 
Kong, 1987; Lau & So, 1988; Yiu, 1989), although the time 
duration and amplitude contour of the syllable carrying the tone 
may also exhibit characteristic differences (Lin & Bepp, 1989). 
Ng (1981) showed that the scores for Cantonese word 
discrimination even at 250 Hz low-pass cut-off frequency were 
still quite high. The results implied that acoustic features of 
tones are minimally affected by filtering as long as the energy 
remains at the fundamental or at least low harmonics. Therefore, 
it can be hypothesized that people with normal hearing and those 
with high-frequency hearing loss have similar performance of 
tonal confusion. 
The purposes of this study are to answer the following 
questions: 
1. Do audiometric sensitivity (degree of hearing loss) and 
configuration (shape of audiogram) affect Cantonese tone 
confusions? 
2. Is the relationship between patterns of lexical 
comprehension errors and configuration of hearing loss in 
Cantonese (a tonal language) similar to that in English (a 
non-tonal language)? 
Comparison of error patterns was made between tasks, 
involving tonal perception at phonetic and phonological levels, 
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performed by subjects with different defined types of audiograms. 
METHOD 
A* Subjects 
There were totally 52 subjects (14 male and 38 female) with 
age ranging from 51 to 85 (mean=73.58, standard deviation=±8.23). 
All subjects were volunteers who wished to have their hearing 
checked. They were ambulatory and without serious health 
problems. The examiner conducted a clinical interview to exclude 
any subject with a history of pathological hearing or visual 
problems (e.g. perforated tympanum, Meniere's disease or 
cataract). All subjects have postlingual hearing losses and 
Cantonese is their native language. 
The subjects were classified into six groups according to 
the severity of their hearing loss and the configuration of their 
audiograms. Audiometriccsensitivity was classified according to 
their air-conduction Pure-Tone-Average (PTA) at 500, 1000 and 
2000 Hz of the better ear: normal hearing (below 26 dB HL); mild 
hearing loss (26-40 dB HL) and moderate hearing loss (41-55 dB 
HL). The criteria was based on American National Standards 
Institute (ANSI, 1969). 
Plat audiogram was defined as an audiogram with a change of 
hearing thresholds across all frequencies less than 15 dB HL. 
Downward sloping audiogram was defined as an audiogram with an 
elevation of thresholds of 15 dB HL or more at either 4000 or 
8000 Hz. The means and standard deviations of air-conduction 
thresholds for the better ear and the number of subjects in each 
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group are shown in Table 1. 
TABLE 1. 
snbjectB 
b 
125 
250 
500 
1000 
2000 
4000 
8000 
Air-conduction thresholds (dB 
in each group), 
Honal f lat 
Kean S.D. 
22.50 ±08.22 
20.00 +05.48 
20.83 ±04.92 
18.33 +04.08 
17.50 106.89 
23.33 106.02 
25,00 108.37 
Rorial-Slop. 
Ml 
Rean S.D. 
20.83 105.85 
21.67 105.16 
20.83 103.76 
26.67 102.58 
25,00 103.16 
34.17 108.61 
62.50 109,35 
It) of the bettei 
Mild-Flat 
(n=7) 
Rean S.D. 
29.29 108.86 
27.86 109.06 
32.14 106,36 
35.00 105,00 
29,29 104.50 
29.29 107.87 
35.17 110.97 
• ears of the subject groups, (with the imber 
Rild-Slop. 
(n=22) 
Rean S.D. 
28.86 107.86 
28.86 107.70 
30.91 ±05.26 
33.64 108.19 
42,27 110.88 
52.05 ±14.69 
70.91 ±12.41 
Rod.-Flat 
Rean S.D. 
40.00 ±07.91 
41.00 ±08.22 
42.00 ±06.71 
43.0O.-iO2.74 
48.00 ±04.47 
54.00 ±02.24 
56.00 ±04,18 
Rod.-Slop. 
U=6) 
Rean S,D. 
30.83 ±05.85 
34.17 ±02,04 
39.17 ±03,76 
41.67 ±06.06 
46.67 ±06.06 
60.00 110.95 
78.33 108.76 
Normal-Flat 
250 1OO0 4000 
Mild-Flat 
250 tOOO 4000 
Moderate-Flat 
250 1000 4000 
Frequency In Hz Frequency In Hz Frnquency In Hz 
Normal-Sloping 
250 1QOO 4000 
Mild-Sloping 
250 1000 4000 
Moderate-Sloping 
2S0 1OO0 4000 
Frequency In Hz Frequency In Hz Frequency In Hz 
flGtlRIt h Air*eoltati<ni threshold (dB Ht) and andiofr&is of the better ears of the subject groups 
B. Materials 
AudidffletHc' data were collected with a calibrated 
audiometer (Madsent Midmate 602) and a calibrated tympanometer 
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(American Electromedics Corporation, AE 105), After that, the 
following materials were used: (The stimuli and scoring form of 
the tasks were attached in the appendix) 
1. Tone Discrimination 
A total of 36 minimal tone pairs were presented in isolated 
syllables. Subjects were required to discriminate whether the two 
tones were the same. They responded by nodding/shaking head or by 
saying "Same/different". 
2. So & Varley Lexical Comprehension Test (SVLCT) (So & 
Varley, 1991) 
For each stimulus set, there were four photos containing 
the target item together with a tonal, segmental, and a semantic 
distractor. The subjects pointed to the photos according to what 
they heard. The target word was embedded in the middle of a 
carrier phrase, "jtfc
 v<x - J L ^ 4 \ ^ (Point out the soup for me) in 
order to minimize the sentence-final tone lowering effect (Vance, 
1976). 
3. Tone Identification 
Six photos (representing the six Cantonese tones with the 
same segments) with the corresponding written Chinese words were 
presented. The root word /ji/ was chosen (cf: Figure 1) because 
its derived words are easily depicted by pictures and are among 
the most frequent 6000 Chinese words (Suen, 1986). A total of 30 
stimuli were presented. The procedures were the same as that of 
u>asiv <u» 
A female native Cantonese speaker, aged 24, produced the 
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stimuli, which were recorded on a cassette tape (TDK, AR60) using 
a cassette recorder (Sony, TC-D5M) in an acoustically treated 
room. Recording intensity level was controlled by the VU meter on 
the cassette recorder* 
During the experiment, the tape was played through a 
cassette tape deck (Sony, TCD 6) and routed to a calibrated 
audiometer (Madsen Midmate 602). The signals were presented 
through a pair of headphones (TDH-39P) mounted with audiocup (MX 
41AR) to the better ear. Environmental noise was checked to meet 
the Australian standard (AS 1269-1983). 
C. Procedures 
After case history taking and auroscopic examination, pure-
tone hearing test and tympanometry were conducted to check the 
subjects* hearing and middle ear conditions. Each subject then 
performed all three tasks (within-subject design). The order of 
the tasks was counter-balanced to prevent bias from ordering and 
learning effects (Harris, 1986). There were practice items at the 
beginning of each task to familiarize listeners with the range 
and nature of pitch variation among the six tones and the 
required responses prior to testing. The loudness level was 
adjusted to the Most Comfortable hearing Level (MCL) to ensure 
optimal input while they listened to the practice items in the 
tasks. The examiner controlled the time intervals between items 
so that the subjects proceeded at a comfortable rate. The whole 
procedures required approximately 30 to 45 minutes. 
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RESULTS 
I . Overall perfornance of the subjects 
Table 2 summarizes the responses of the three tasks for the 
s i x subject groups. Normal-flat group had the highest scores in 
the tone discrimination and the SVLCT while the moderate-sloping 
group had the lowest in the SVLCT and tone ident i f i ca t ion . 
TABLE 2, The lean and standard deviations (S.D.) of percentage 
correct scores on the three tasks for the six subject groups. 
Group Tone Discriiination Lexical Coiprehension Tone Identification 
Horial-Plat 
Honal-Sloping 
Kild-Flat 
Mild-Sloping 
Koderate-Flat 
federate-Sloping 
Heaa 
94.35 
86.58 
89.29 
82.58 
91,11 
83.80 
S.D. 
± 2.37 
±9.20 
±5.65 
±10.95 
± ( . 9 ? 
±10.45 
Keaa 
97.(4 
86.75 
89.74 
78.52 
79.49 
76.92 
S.D, 
±2 .81 
±11.17 
±11.66 
±12.99 
±8 .88 
±5 .13 
Keaa 
82.22 
75.00 
88.10 
66.97 
74.67 
63.89 
M i 
±11.67 
±18.83 
113.'?3 
±22.77 
±13,46 
±25.25 
Graphical representation of the average scores of three 
tasks (Figure 3) shows a declined zig-zag curve. I t indicates 
that a l l f l a t groups had higher scores than the corresponding 
H | Tone Dtocrimtoatfort 
B B Uxtoal ComprBherwiact 
I I Ton# ktonttffcttlon 
FIGURE h Kean percentage correct on the individual tasks for the six subject groups.(1: n o n a M l a t ; 2: 
nonal-sloping; 3: l i ld - f l a t ; (; l i ld-sloping; 5: loderate-flat; G; loderate-sloping) 
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The following section showed how the audiometric 
sensitivity and configuration affected the performance of the 
subjects in individual tasks. Analysis of covariance (ANCOVA) was 
used for the three tasks with the audiometric measures as the 
between-subject factors and age as a covariate. The effect of 
audiometric sensitivity was investigated by keeping the 
configuration constant. Likewise, the effect of configuration was 
investigated by keeping audiometric sensitivity constant. 
A* Between-subject factors (audioaetric sensitivity, 
configuration & age) 
1. Tone Discrimination 
With age as a covariate, ANCOVA revealed that neither the 
sensitivity nor the configuration had a significant effect on the 
scores. When hearing sensitivity was controlled, age 
significantly affected the scores of subjects with mild hearing 
loss (Fj 24=6.81, *K0.05). 
2. So & Varley Lexical Comprehension Test (So & Varley, 1991) 
ANCOVA showed similar findings as above. Neither the 
sensitivity nor the configuration had a significant effect on the 
scores. When configuration was controlled, age significantly 
affected the scores of both the flat groups (Fj ^ =12,11, p<0.01) 
and the sloping groups (Fj2j=4.28, p<0.05). When audiometric 
sensitivity was controlled, age significantly affected the scores 
of subjects with mild hearing loss (1^=9.65, p<0,01). 
3. Tone Identification 
Analysis of covariance indicated that age, degree of 
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hearing loss and configuration had no significant effect on the 
scores. 
B. Task Difficulty 
Repeated measures of Hotellings t-squared test indicated 
that there was a significant difference between the scores of the 
three tasks (Fj^lS.l, p<0.01). The scores of tone discrimination 
was higher than that of the SVLCT (mean difference: 3.18%) which, 
in turn, was higher than the tone identification (mean difference 
of 10.19%). This revealed an order of task difficulty: tone 
discrimination was the easiest, followed by SVLCT and then the 
tone identification. 
II. Error Analysis 
1. Tone Discrimination 
Table 3 summarizes the incorrect responses made by the 
subjects. The errors are divided into two types: 
False identical refers to tone pairs which are different 
but realized as identical. The subjects had difficulty in 
detecting the difference in acoustic information carried by the 
two different tones and hence realized them as identical. 
False dissimilar refers to tone pairs which are identical 
but are realized as different. It is less probable to occur 
because identical stimuli are not likely to be distorted to 
different extent. It could be taken as a measure of subjects1 
guessing due to uncertainty and inattention (Yiu, 1989). 
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. Distribution of errors by the subject groups during the tone diseriiination task. 
Si1 sH I Si I? IS 
lone 
Pair 
1/1 
2/2 
3/3 
4/4 
5/5 
6/6 
1/2 
1/3 
1/* 
1/5 
1/6 
2/3 
m 
2/5 
2/6 
3/4 
3/5 
3/6 
4/5 
4/6 
5/6 
4* 
6* 
1 
1 
1 
2* 
1 
2 
2 
1 
2 
3 
2 
1 
3 
2 
3 
4* 
2* 
1 
1 
1 
1 
2 
6* 
1 
6* 
1 
2 
3 
2 
3 
3 
2 
6 
3 
4 
2 
4 
4 
4 
8 
7 
19* 
3 
6 
? 
19* 
1 
8 
If 
1 
8* 
2 
1 
3* 
1 
1 
2 
1 
1 
1 
9* 
2 
2 
I 
5* 
1 
3 
5* 
* : significant at p=(LQ5 level 
Binomial testing showed that false identical errors in tone 
pairs 2/5 (high rising / low rising) and 3/6 (mid level / low 
level) were found to be statistically significant (p<0.05) in all 
subject groups except the normal-sloping group. There were also 
two false dissimilar tone pairs: tone 2/2 and 3/3 in normal-
sloping and mild-flat groups respectively. 
2. Lexical Comprehension Test (So & Varley, 1991) 
TABLE 4 provides a display of the performance of the 
subjects of the Lexical Comprehension Test. 
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TABLE 4, Means and standard derivations of percentage error in lexical coiprekensioa test, 
8omal Plat Honal-Slop, Kild-Plat Mild-Slop. Hod.-Plat Mod.-Slop, 
Error I m S J i i e a i S A to M i ! t o § 1 I M S A Kean S.D. 
Tonal 2.1* ±2.52 5,56 +4,98 6.59 ±6.92 9.92 ±6.8? 10.77 ±5.56 8.55 ±6.42 
Segiental 0.(3 ±1.05 3.42 ±2.10 0.73 ±1.25 7.23 ±8.16 6.87 ±5.32 9,83 ±3.00 
Seuantic 0.00 0.00 4.27 ±5.54 2.93 ±5.62 4.32 ±4.31 3.07 ±2.81 4.70 ±3.00 
Binomial distribution testing found that segmental and 
semantic errors occurred at chance level (1/3) in all subject 
groups. Only tonal errors occurred significantly more than chance 
level (1/3) in mild-flat, mild-sloping and moderate-flat groups 
(jXO.05). 
Another important area of this study is the comparison of 
error patterns of subjects with different audiometric 
configurations. A comparison of the mean percentage differences 
of the three types of errors between subjects with flat and 
sloping configuration is displayed in Table 5. The differences of 
segmental errors of flat and sloping groups were significant in 
normal and mild hearing loss groups. The negative sign means that 
errors made by the flat groups were fewer than those in sloping 
groups. 
TABLE 5. Difference of lean percentage of errors between flat and sloping groups across the three andiotetric 
sensitivity 
Andioietric sensitivity Tonal Errors Segiental Errors Seiantic Errors 
Korial -3.42 (n.s.) -2.99 (fc-J.U, tff=10, p<(U5) -4.2? (t-tert not 
applicable kecaase one 
score is 0) 
Mild -J.M (i .s . ) -6.50 (fc-i.U, tf=M, ]KiU5) -1.39 ( I .B . ) 
federate 2.22 (n.s.) -3.18 (n.s.) -1.63 (n.s.) 
n .s . : non-significant 
3 , Tone I d e n t i f i c a t i o n 
Based on the equat ion of Fok (1974), t he number of e r r o r s 
14 
processes was calculated as follows: 
N- n 
+ 1.96 N 
N- J3
 ( 1 _ (jy -13 ) v 
5 5itf 
Where n = number of correct identifications and 
N = total number of stimuli 
The confusion matrices are shown in Table 13. Stimuli are 
listed by row, response by column. 
Table 6. Confusion matrices of six Cantonese tones among the six subject groups. 
NORMAL FLAT (n=6) 
Realization 
Stimuli 
Tone 1 
2 
3 
4 
5 
6 
Stimuli 
Tone 1 
2 
3 
4 
5 
6 
Stimuli 
Tone 1 
2 
3 
4 
5 
6 
Stimuli 
Tone 1 
2 
3 
4 
5 
6 
Tone 
29 
Tone 
27 
1 
Tone 
32 
1 
1 
1 
Ton«£ 
80 
3 
4 
3 
2 
1 
1 
1 
1 
2 
25 
4 
NORMAL 
2 _ 
24 
1 
3 
MILD 
2 
3 
30 
2 
3 
1 
1 
26 
4 
2 
SLOPING (n= 
Eealizajt 
3 
3* 
1 
22 
3 
1 
FLAT (n = 7) 
Realizat 
3 
2 
31 
3 
MILD SLOPING < 
2 
13* 
77 
4 
18* 
4 
1 
24 
7* 
6) 
ion 
4 
1 
1 
21 
X
* 9* 
ion 
4 
35 
5* 
n=22) 
Realizat 
3 
5 
5 
$6 
6 
11 
1 
ion 
4 
3 
5 
4 
83 
9* 
5 
2 
22 
5 
\> 
22 
1 
5 
2 
1 
28 
5 
6
* 
17
* 
20 
5 
71 
1 
6 
K 
< 6* 
21 
6 
9* 
1 
19 
6 
2 
2 
1 
29 
6 
3 
3 
I2
* 
13 
4 
19 
15 
Stimuli 
Tone 1 
2 
3 
4 
5 
6 
Stimuli 
Tone 1 
2 
3 
4 
5 
6 
Tone 1 
25 
Tone 1 
22 
2 
1 
3 
2 
MODERATE 
. 2 
21 
2 
5* 
MODERATE 
2 
3 
18 
3 
3 
1 
1 
FLAT (r = 30) 
Realization 
3 
2 
15 
1 
4* 
SLOPING 
4 
18 
K 4* 
(n=6> 
Realization 
3 
3 
1 
20 
1 
3 
4 
4 
2 
23 
4 
5 
2 
1 
16 
5 
1 
7" 
4 
2 
18 
4 
8 
7* 
6* 
3 
17 
6 
1 
2 
1 
5 
15 
* significant at p=0.05 level 
The s t a t i s t i c a l l y s i g n i f i c a n t c o n f u s i o n p r o c e s s e s a r e l i s t e d i n 
T a b l e 14: 
TABLE 7, Significant tonal confusion processes across the subject groups, 
Normal-Flat Noraal-Slop, Mild-Flat Mild-Slop, Hod.-Flat 
3-->6 (10,OX) l->3 (10.OX) l - )2 (10.OX) 1 -
4-->6 (20.OX) 3-->5 (16.7%) 6-->4 (14.3X) I-
6-->4 (23,3X) 4-->6 (30.OX) 
6-->4 (30.OX) 
5 -
3 -
4 -
>2 (11 
>5 (15 
>2 (16 
>5 (18 
>6 (11 
)4 (16 
8X) 
5X) 
4X) 
2X) 
8X) 
4X) 
Mod.-Slop, 
3-->6 (28.01) 2-->6 
6—>3(16.0X) (23.3%) 
4-->6 (24.OS) 
6«>4 (16.08) 
5-->2 (20.0%) 
The nufflber in parentheses indicated the percentage of occurrence of that process during the 
presentation of the target stimuli, 
From Tab le 6 & 7, t h e number of e r r o r s i n s i g n i f i c a n t 
processes varies inversely to the number of errors from non-
s ignif icant ones. The representativeness of the significant 
processes are expressed as percentage of errors in significant 
processes over the t o t a l number of errors in each subject group: 
normal-flat (48.48%); normal-sloping (57.78%); miId-flat 
(32.00%); mild-sloping (45.21%); moderate-flat (68.42%); 
moderate-sloping;(10.94%). 
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The percentage was particularly low in the mild-flat and 
moderate-sloping groups. This was in accordance with the few 
significant processes in the same groups. The subjects tended to 
make errors more randomly. Errors were spread across all choices 
more evenly and fewer processes could be classified as 
significant because the statistical criterion was difficult to 
meet. It led to the low representativeness of the significant 
confusion processes* 
There were two confusion processes which were common in 
many groups. The processes Tone 4 —> 6 (low falling to low 
level) was noticed in four subject groups whereas the process [6-
->4] (low level to low falling) was noticed in five subject 
groups. 
DISCUSSION 
I. Overall performance of the subjects 
A. Do audiometric sensitivity and configuration confounding 
variables affect tonal confusions? 
The present tasks involved different levels of linguistic 
processing. For tone discrimination, subjects worked at 
perceptual phonetic level to compare the similarity of acoustic 
features of signals. For the other two tasks, subjects had to 
relay extracted acoustic elements to language processing whereby 
sets of rules were applied in the organization of such elements 
into linguistic representations (Ching, 1984). In order to assess 
the auditory functions, semantic access problems were checked by 
referral sources, conversation, naming of practice items in tone 
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identification and SVLCT. Therefore, the second two tasks were 
aimed at assessing the tonal perception at phonological level 
rather than semantic processing. Repeated measures found a*f 
statistically significant order of difficulty among the three 
tasks. The subjects1 tonal perception at phonetic level (tone 
discrimination) was better than that at phonological level (SVLCT 
and tone identification). It indicates that elderly subjects 
perform better if the task involves less linguistic processing. 
The results of the three tasks provide converging evidence 
that audiometric sensitivity (up to moderate hearing loss) and 
configuration do not have significant effect on tonal confusion 
errors at both phonetic and phonological levels when the elderly 
people listen in quiet condition and at the Most Comfortable 
Level (MCL). This is consistent with those research which claimed 
that age is a significant factor in speech comprehension in a 
non-tonal languages (Schum et al., 1991; Working Group on Speech 
Understanding and Aging, 1988). 
The present study supplements research on how audiometric 
information relates to speech perception and comprehension. In 
particular, Bilger and Wang (1976) concluded that inter-subject 
similarities in patterns of consonant confusion are 
systematically related to the subjects' audiometric 
configurations. In the present study, although the normal hearing 
group had the highest scores in the tone discrimination and 
lexical comprehension test, both audiometric sensitivity (up to 
moderate hearing loss) and configuration of audiograms were found 
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to be non-significant factors in tonal perception. 
The discrepancy betweem the effect of configuration of 
audiograms on perception of segmental phonemes and that on tones 
can be explained in terms of acoustics. Consonants and vowels 
contain acoustic information that varies widely in frequency 
whereas lexical tones are confined to low frequency. Therefore, 
decrement in high-frequency hearing may increase the difficulties 
of consonant and vowel perception more than tonal perception. The 
findings parallel the work of Ng (1981) which illustrated the 
importance of low-frequency hearing on tonal perception with the 
word discrimination task using low-pass cut-off frequency. 
B. How does the age factor affect the results? 
The peripheral portion of the auditory system, is known to 
deteriorate with age (Abel et aJ.» 1991; Brant & Fozard 1990; 
Corso, 1984; Humes & Roberts, 1990). Analysis of covariance was 
used to explore whether age serves to mediate the difference in 
the task scores (Cook & Campbell, 1979; Maxwell & Delaney, 1990). 
The analysis suggests that age, as a covariate, has a 
significant effect on the statistical calculation in some subject 
groups in tone discrimination and SVLCT. Difference in task 
scores can be accounted for more by age compared with the 
audiometric data. 
C. Aging: central auditory processing disorder and cognitive 
deficit 
Apart from the perceptual deterioration of hearing 
abilities, aging also relates to general linguistic processing 
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deficits (Bayles & Kaszniak, 1987; Emery, 1986). Research 
generally attributes problems in speech comprehension which 
cannot be explained by peripheral deafness to two factors: 
1. Central auditory processing disorder which is the damage or 
deterioration of auditory pathway in the brain stem or 
cortex of the brain (Nicolosi, et al. 1989; Jerger, J., 
Jerger, S., Oliver & Pirozzolo, 1989) 
2. Age-related decline of cognitive abilities such as 
attention, memory, speed of information processing (Working 
group on speech understanding and aging, CHABA, 1988). 
It is well documented that both factors correlate with age 
(Abel et al, 1990; Jerger, J., Stach, Pruitt, Harper & Kirby, 
1989; van Rooij et al., 1990; Working group on speech 
understanding and aging, CHABA, 1988). Research results in the 
relative contribution of these factors to the speech 
understanding problems are still inconclusive. 
The differentiation of these two factors requires 
administration of speech audiometric tests and neuropsychological 
tests (Jerger, J., Jerger, S., Oliver & Pirozzolo, 1989), which 
are beyond the scope of this study. Nevertheless, significant 
aging effect on lexical tonal perception indicates the need of 
further research in this area to enrich the findings in non-tonal 
languages. 
II* Error Analysis 
1. Tone Discrimination 
This task aims at investigating the auditory functions at 
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phonetic level. The subjects only needed to focus on 
the acoustic information of the stimuli. The results 
of tone discrimination indicate that false identical 
errors are far more than false dissimilar errors. Some 
tone pairs are prone to be confused because of their 
acoustic similarities. 
Gandour (1981) suggested three dimensions to 
represent the perceptual structures of Cantonese 
tones: height, contour, direction. The "heightff 
refers to the relative fundamental frequency among the 
six tones (high/mid/low). The "contour" refers to the 
slope of fundamental frequency tracing, distinguishing 
the level fundamental frequency (e.g. tone 3,6) with 
those of a gliding fundamental frequency (e.g. tone 
2,5). The "direction" contrast rising tones (tone 2,5) 
with falling tones (tone 1,4) and level tones (tone 
3,6). 
In this task, tone pairs 2/5 (high rising/low 
rising) and 3/6 (mid level/low level) are more easily 
to be confused. They have difference in tone height 
but similar in tone contour acoustically. The results 
parallel arguments of previous perception tasks (Fok, 
1974; Gandour, 1981) that the perceptual salience of 
height is less than that of contour during auditory 
processing. 
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2. So & Varley Lexical Comprehension Test 
This task is aimed at investigating the subjects' 
lexical comprehension at word level. The relationship 
between different types of errors in the test can be 
analyzed. 
Since various acoustic features have energy 
concentrations in different frequency regions, 
hearing sensitivity across the frequency domain would 
affect feature recognition differentially (Warden, 
1984). The present findings of SVLCT suggest that in 
a tonal language, adding a tonal distractor in a 
forced-choice task does not change the fact that 
subjects with sloping audiometric configuration have 
more segmental errors than those with flat hearing 
loss. It can be explained by the fact that acoustic 
information carried by consonants and vowels are 
spread across a wide frequency range whereas lexical 
tones concentrate on low frequencies. 
On the other hand, the relative occurrence of 
tonal and segmental errors is inconclusive. It is 
because among the three types of errors, only the 
tonal distractors were found to be significantly more 
prone to be chosen, in three subject groups (two flat 
groups and one sloping group) out of six. No 
conclusion can be drawn about the relative difficulty 
that tonal distractors and segmental distractors pose 
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on the subjects. 
It should be stressed that no systematic attempt 
was made to control the segmental distractors. Not 
every distinctive feature contrast of Cantonese was 
included (So & Varley, 1991). Comprehensive confusion 
matrices cannot be made. More research on the effect 
of types of distractors on Cantonese speech 
comprehension is needed to validate the above claims. 
3. Tone Identification 
Tone identification was used to devise 
comprehensive confusion matrices among the Cantonese 
tones. It is the most cognitive demanding task as the 
number of choices in the stimuli set was increased to 
six. Moreover, the range of stimuli is confined to 
words which differ only in tones. 
The number of significant confusion processes 
varies greatly among the six subject groups. There are 
many idiosyncratic processes which could be found in 
one or two groups. This is probably due to the small 
sample size and some non-patterned errors in some 
subject groups. Nevertheless, some patterns can be 
extracted. Confusions between tone 4 and tone 6 (low 
falling and low level) were common. It is due to the 
similar tone height and, at the same time, the falling 
tone are sometimes perceived as level tones due to the 
gentle slope (Fok, 1974). 
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CLINICAL IMPLICATIONS 
A. Assessment 
Speech material is important in assessing auditory 
functions of elderly population in audiological, aural 
rehabilitational and neuropsychological aspects. The present 
study suggests that age is a significant factor in tonal 
discrimination and the SVLCT. 
Elderly people often complain about their hearing. It is 
important to differentiate possible factors of speech 
comprehension problems. The present study suggests that apart 
from peripheral deterioration of hearing, aging also plays an 
important role in tonal perception* Though it is not a 
comprehensive study on speech understanding, it can give hints to 
us that aging can affect performance of elderly subjects which 
cannot be predicted by peripheral hearing. On the other hand, 
during assessment of clinical population of elderly people such 
as aphasia and dementia, we should differentiate possible factors 
such as peripheral deafness, central auditory deficit, language 
and cognitive deficit or general aging effect. Different factors 
and the interactions among them may have different impacts on 
speech comprehension in a tonal language. 
Finally, the present study does show that tonal perception 
can be related to subjects1 variable (age). Therefore, tones 
cannot be neglected as one of the features during assessment in 
a tonal language. 
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B. Aural Rehabilitation 
The present study illustrates the relationship between 
acoustic information of lexical tones and audiometric 
configuration. People with high-frequency hearing loss do not 
have particular difficulties in tonal perception. Training of 
perception of pitch variation may be easier than that of 
segments. 
Since low frequency hearing seems to be sensitive to tonal 
information, the importance of low-frequency hearing gain of 
hearing aids needs to be reconsidered (Kam, personal 
communication, 1992; Dyrlund, 1988). More research on the 
relationship between hearing thresholds at different frequencies 
and perception of Cantonese segmental phonemes and tones are 
needed. By having a full picture of acoustic information and 
perception of Cantonese speech, optimal hearing aid 
amplifications can be provided for the hearing-impaired 
population whose native language is tonal, like Hong Kong and 
China. 
DIRECTIONS FOR FURTHER RESEARCH 
The present findings are by no means conclusive. 
Improvement can be made to obtain more information. First of all, 
variety of subjects must be increased. In this study, people with 
severe and profound hearing loss were not included. The findings 
cannot be generalized to the whole hearing-impaired population. 
Investigation of more severe groups can provide new insights into 
tonal perception, and speech understanding, of hearing impaired 
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population. 
Bone conduction is necessary to further confirm the 
homogeneity of the types of hearing loss. In the present study, 
bone conduction hearing test was not conducted because the 
background noise exceeds the audiological standard (Australia AS 
1269-1983). Conductive hearing loss was excluded by means of case 
history taking, auroscopic examination and results of 
tympanograms. All hearing loss was confined to those caused by 
aging. However, bone conduction audiograms can still provide 
information on the nature of the hearing loss. 
Subjects with sensorineural low-frequency hearing loss can 
also be included to study the effect of low-frequency threshold 
elevation on tonal perception. It can provide more information on 
the importance of amplification of low frequency region of 
hearing aids. 
Synthetic tones can be included as stimuli to compare the 
results with natural speech. Natural speech carries acoustic 
information varied not only in frequencies but also in duration 
and intensity (Gandour et al.» 1984; Lyregaard, 1987), although 
the VU meter on the cassette recorder (Sony, TC-D5M) was used to 
control the speech intensity in this experiment. Synthetic tone 
signals can vary in fundamental frequency with strictly 
controlled amplitude contour and time duration. The extent to 
which the listeners rely on the frequency cues, rather than 
intensity or temporal cues, in tonal perception can be studied. 
Finally, auditory testing alone cannot adequately assess an 
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individual's overall communication ability in everyday situations 
(Plant & Macrae, 1987). Most conversations are typically 
conducted face-to-face, In such situations, a listener has access 
not only to the acoustic speech signals but also to a speaker's 
articulatory movements* So & Varley Lexical Comprehension Test 
can be conducted with and without visual cues. Comparison of the 
results can indicate the extent to which Cantonese hearing-
impaired population, particularly the severe and profoundly deaf 
people, rely on auditory cues, 
CONCLUSION 
Although the severe and profoundly deaf people are not 
included in this study, the relationship between age, hearing 
sensitivity and configuration on Cantonese tonal confusions are 
revealed partially. The present study suggests that aging effect 
can account for the errors in tonal perception to a greater 
extent than the perceptual hearing (up to moderate hearing loss). 
Further research in this area can provide new insights into aural 
rehabilitation and hearing aids amplification of Cantonese 
hearing-impaired population. 
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